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Sources of systematic error in coupling measurements with 3D S°E HBCBCA
Cross-correlated relaxation: Beyond enhancing apparent resolution and thereby

improving precision of peak picking, removal of unresolved ZJCQH[g, ZJCQH[B, 2JC[3H(1 and
3JHocHB splittings can help to suppress systematic discrepancies in the measurements of the
much larger lJcQHa, 1JCBHB2: 1JCBH33 and zJngHpg couplings. This effect is illustrated in
Supplementary Figure 1a, and it is the reason why for a given NH or CH site, the one-
bond coupling measured in the 'H dimension may differ from that measured in the
heteronuclear dimension (Tjandra and Bax, 1997; Ding and Gronenborn, 2003).
Supplementary Figure 1a shows the 2D multiplet pattern one would obtain for a CH,-
TROSY experiment (using phase settings for the selection of components a and h, given
in Table 1 of Miclet et al, 2004), for a CBHz site. Typically, 3JHGH52 is unresolved, but as
can be seen in Supplementary Figure la, the corresponding doublet components have
unequal intensities due to intrinsically different transverse relaxation rates. This results

from dipole-dipole cross-correlated relaxation between the H*-HP* and HP*-HP

interactions, denoted as I’ HDS’}[I)g yroye (Kumar et al., 2000). The centers of the two

TROSY multiplets in Supplementary Figure la are displaced in the 'H dimension by

lJCBHﬁz-zJHﬁzHB?, (Miclet et al., 2004), but simple peak picking will result in a smaller
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r

value. As shown in Supplementary Figure 1b, the cross correlation rate Iy e

depends on the y; torsion angle and can be either positive or negative with relatively
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yizyes geege — -12 Hz for a protein with 1,87 =

large values. For example, for ;= 120°,

6.7 ns, compared to dipole-dipole auto-relaxation rates of 30 Hz for H**HP, and 29 Hz

DD,DD
r

for CP'H™. This same large negative value is reached by P2 e

for y;=0°. In

weakly aligned samples, 3JHQHB+3DH(XHB may be positive or negative and the value for
1JCBHBZ‘ZJHBZHB3+IDCBHBZ'zDHBZHm measured by simple peak picking from a spectrum
such as that shown in Supplementary Figure la can result in values that are either too
large or too small. Comparison of the data recorded here, using the pulse scheme of Fig.

1b (main text), with previously reported data for “Dysys- (Miclet et al., 2003) that were



subject to the above mentioned cross-correlation problem, indicates such effects to be
modest, however (pairwise rmsd 2.2 Hz, Rp = 0.97).

The CH2-S’CT 3D experiments of Figure 1, main text, largely prevent systematic
errors of the type discussed above by separating the unresolved components of the
doublets of Supplementary Figure la into pairs of correlations (III) and (III,IV) that are
each well separated in the BC dimension by IJCQHQ- Similar cross-correlation terms for

. . 2 . .
interactions to remote protons coupled to H* can remain present in the measurement of

FDD,DD

e geege - Analogous to the

lJCﬁHBZ-zJHmHm, but typically are smaller than

measurement of IJCBHﬁz-ZJHBZH[}j,', a small improvement in accuracy is expected for the
measurement of Jeono and 1JCBHB2+1JCBH|33 from the CH2-S’CT 3D experiments,
although cross-correlated relaxation rates which could distort such measurements in the
conventional 'H-coupled HBCBCA experiment are much lower in the '>C dimensions.
Pulse imperfections: Imperfect selection of single transitions can also result in
systematic errors in the couplings measured from the CH2-S’CT 3D spectrum. Since no
'H pulse is used between *C* and "*CP labeling periods, pulse imperfections do not affect
this coherence transfer process, and any magnetization transferred from *C* to CP is
subject to identical 'H spin states. “C® or *CP spins for which "H* or 'H? changes spin
states during evolution will be largely invisible because their phase in the transverse
plane is randomized by the precise moment at which the 'H changes its spin state during
t; or t,. Therefore, the accuracy of the couplings determined in the '>C dimensions, i.e.
Yeotia 2JCgHﬁ2+2JCaHB3, ZJCBHa and 'J ngp,erlJ cpup3, 1 limited primarily by the precision of
the measurements.

. . . B . ..
Although spin-state-selective transfer from a given C,, single transition (p and q

corresponding to the spin states of "H* and '"HP, respectively) to a "H single transition is
achieved by the CH2-S’CT element, selectivity of such transfer is subject to 'H pulse
widths and transverse relaxation. Both experimental and computational evaluation of
missetting the 'H pulse widths during the CH2-S’CT element indicates this can have
relatively severe effects, up to 7% for a 'H or "°C pulse error of 5% (Miclet et al., 2004).
Similarly, RF inhomogeneity can adversely affect selectivity of the transfer process.
Empirically we find that unwanted transfers in small molecules, where relaxation effects

are negligible, are less than 2% of the selected transitions, provided 'H pulse widths are
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carefully calibrated and the volume of the sample is restricted to fall within the 'H
receiver coil. The latter is accomplished by using a 280-uL volume in a thin-wall

Shigemi microcell (13.5 mm sample height).

Mismatching of delays: Effects of 'Jcy mismatching (Meissner et al., 1998) might be
expected to be relatively large in weakly aligned samples, where the t; = 0.34/ lJCBHB and
T, =0.23/ lJCBHﬁ requirements cannot be simultaneously satisfied for all methylene groups.
However, numerical calculations show that the CH2-S’CT transfer is not very sensitive to
this type of mismatching: When 'J cpup2 and IJCBHB3 are independently moved away from
the ideal isotropic value by up to 30%, less than 5% of the magnetization is transferred to
an unwanted transition (Supplementary Figures 2 and 3). Moreover, it is noteworthy that
the corresponding artifact does not disturb the coupling measurements in the 'H
dimension since it is separated by the large lJCﬁHﬁz-szﬁZH[}3 coupling and therefore does
not cause a frequency displacement of the selected transition.

Relaxation of passive spins: The main source of systematic error when measuring
couplings in the directly detected dimension stems from the finite life time of the spin
state of the passive spin, which affects nearly all measurements of 'H-'H couplings
(Harbison, 1993). For example, a spin-flip of 'H* during data acquisition switches the 'H
frequencies of transitions I and II in Figure 2 (main text), and thereby decreases their
apparent splitting to less than the true value, 3JHaH,32. In the slow tumbling limit, the 'H
spin flip rate increases linearly with 1., and therefore increases the underestimate of the
true magnitude of the "H-"H coupling.

A second, analogous decrease in the 'H-"H coupling can result from transverse relaxation
of the passive spin during the CH2-S’CT process. In particular, the S’CT scheme relies
on the fact that the "H* spin before and after the CH2-S’CT element remains unchanged.
However, transverse relaxation of "H* during this element makes this process imperfect.
For a transverse relaxation time, T,, only a fraction exp[—(t;+t2)/Tz2] of 'H* 2-
magnetization is preserved, corresponding to a change in spin state for a fraction
0.5(1—exp[—(t1+12)/T1]) of the 'H* spins. Similar to the above mentioned effect of flips of
the 'H* spin state during data acquisition, transverse relaxation of 'H* magnetization
during the CH2-S*CT module decreases the apparent value of the 3JHQH5 coupling (see
Supplementary Figure 4 for a numerical evaluation of the error). Analogously, when
considering the effect of evolution due to 3JH5Ha coupling during the t; and 7, delays, not
all "H spins are returned to their original spin state, similarly decreasing the apparent

3JHMm coupling. However, numerical calculations and simulations (Nicholas et al., 2000)
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show that this latter effect is very small, even when considering large (3JHg_Hﬁ+3DHaHﬁ)
couplings. For example, for 3JHodm = 15 Hz, less than 1% of the H” spin state is inverted
during the 1,+7, delay of the CH2-S3CT transfer, leading to errors considerably smaller
(typically <0.1 Hz) than those mentioned above resulting from transverse 'H* relaxation

during t,+1.
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Equations used for calculation of transverse relaxation rates.

Taking into account the following six cross-correlated relaxation rates,

CSA,DD CSA,DD DD,DD CSADD CSADD DD,DD
FHM HP2CP > FHB2 HPZHP3 > FHI‘ZCB,HBZH“’ Fcﬁ,cﬁHﬁz’ 1ﬂcﬁ CPyPs and FcﬁHl32 CPyP3

the relaxation
properties of cross peaks I, II, III and IV (referring to Figure 2, main text) of the spin-
state-selective experiment are given by (Miclet et al., 2004):

- In the 'H dimension (F3), with Ry, being the '"HP autorelaxation rate:

I_p I_ CSA DD CSADD DD,DD
Ru =Ry = SRH+ FHB2 HP2CP T 2 g2t Tt pB2ch ph2ph3
I _p IV _ CSADD CSA,DD DD,DD
RH = RH = SRH - FHBZ 'Hﬁzcﬁ + FHﬁz,Hﬁsz - HB2CB ,Hﬁsz

- In the *C dimension (F,), with R being the B¢P autorelaxation rate.

I_p II_ CSA DD CSA DD DD DD
Re =Rc" = ERC B FCB ChuP2 ~ FCB CBP3 + FCBHﬁZ CPyP3

m_ o IV _ CSADD CSADD , DD.DD
Re™=Rc" = Re + T + Tawcipe + Toaygn cope

The 1H“-coupled HBCBCA experiment is used as a reference for the lJCaHa measurement
in °C dimension (F)). The relaxation properties of its components in F; and F,
dimensions are, respectively:

led
RHdecoupe — iRH

up __ down __ DD,DD
Re™=Rc™ =Rt Ty ooy

The 'HP-coupled HBCBCA experiment is used for comparisons of the 'Jepupat+'Jepmps
measurement in the °C dimension (F,). The relaxation properties of its components in Fs
and F, dimensions are respectively:

Rydecoupled — g

up __ CSA,DD CSA,DD DD,DD
RC - ERC - FcB CPyP2 e CPgh3 + FcﬁHﬁz CPyP3

down __ CSA,DD CSA,DD DD,DD
Re =R+ rc‘3 CPpP2 + rcB CchyP3 + rcf‘Hf52 CPyP3
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Numerical values for calculated individual auto and cross-relaxation rates.
The 'H? and "CP rates are calculated for each component of the spin-state

selective 3D experiment and of the reference experiments, using tcS> = 6.74 ns and the

values previously reported for the Gly methylene °C CSA (Yao and Hong, 2002) and 'H
CSA (Miclet et al., 2004). The calculated value for the six different cross-correlated

. . CSA,DD CSA,DD DD,DD
relaxation rates involved are I ;) TP2ch = 6.6 Hz, I' 5 e = -0.2 Hz, T’ jp20p e

-13.6 Hz, T°>0P

CSA,DD CSADD _
274 Hz, T + T R gy =

B CPHP2 P chy = -20.5 Hz. For a C* methylene

group with an H* at a distance of 2.1A and an additional remote proton at 2.5A, the

effective transverse auto-relaxation rates are then: Ry; = 80 Hz, R = 66 Hz.

Values of relaxation rates of the relevant transitions in the spin-state-selective
HBCBCA and 'HP-coupled and "H*-coupled regular HBCBCA experiments, calculated

from the above contributions are summarized in Table S1.

Table S1. Calculated transverse relaxation rates effective during 'HP (t;) and CP (1)
evolution for the four cornponents of the spin- state selective 3D experlment and for the
upfield and downfield “C components of 'H*-coupled and 'HP-coupled reference
experiments.

3D experiment spin-state selective H*-coupled HBCBCA HP-coupled HBCBCA
component I, II* III, IV* up down up down
R, (Hz) 59.4 45.8 80 80 80 80
Rc (Hz) 59.1 31.9 455 455 59.1 31.9

* Multiplet components correspond to the correlations marked in Figure 2 of the main

text.
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Supplementary Figure 1. Effect of cross-correlated relaxation on the measurement of
IJCBHﬁz-ZJHﬁzHﬁ3. (a) Two-dimensional E.COSY pattern of a CPHPH spin system,
resulting from a 2D CH,-TROSY experiment (Miclet et al., 2004). Frequency
displacements correspond to 1JCBH[32+1JC[3H53 in the C? dimension and to lJCﬁHﬁz'zJ HB2Hp3 1N
the H? dimension. Each E.COSY multiplet component consists of two unresolved
components, separated by ° Jupona. Depending on the magnitude of the cross-correlated

relaxation rate Fgg}?}? e » these two components exhibit different intensities which can

affect the accuracy of the IJCBHﬁz-ZJHﬁzHﬁ:; measurement. (b) Calculated cross-correlated

relaxation rates T200 ..., and TOR02 . . as a function of y, for a protein

characterized by 1.S” = 6.74 ns. Significant negative values are found for the common

. . . +~DD,DD _ +DD,DD _ _ spno 1 DD.DD _
side chain conformers: FH[BHBZ e Fﬂﬁzﬁm,mzm =-5.5 Hz for y; = 60°, FHMH'“,HBZH” =_

8.5 Hz for y; = 180°, and "0 = -8.5 Hz for y; = -60°. The corresponding

HP3HP2 g3y

: . 7DD,DD _ DD,DD _ 1 DbD,DD _
autorelaxation rates are: B 30 Hz and Loz oz = Lomm copps = 29 Hz.
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Supplementary Figure 2. Intensity of non-selected component (%) relative to the
component selected by the SCT pulse sequence element as a function of J-mismatching.
The selection of a single transition is realized when f(t;, 12) = £ g(ty, 12) (see the legend
of Figure S3 for the function definitions). Delays t; and 1, are chosen to satisfy this
equality. However, as f(11, 12) and g(ti, 12) depend on the values of IJCBHﬁz and IJCBHB3,
variation of these couplings may lead to incomplete selection. Calculations are presented
to quantify the selection artifact, corresponding to the ratio (f-g)/(f+g), as a function of
lJC[}HBz and 1JCBH[33 mismatch. As shown by the values reported on the graph (%), an

artifact of only 4% is obtained when the 'Jcppp, and IJCBH[B mis-matching is as high as 30

%.
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Supplementary Figure 3. The CH2-S’CT element transfers different amount of

magnetization to the four Cartesian operators H, 4HP?H!”C!, 2HP?HY and 2H C!

as described by functions f(ty, 12), f'(11, 12), g(t1, T2) and g'(ty, 12) (Miclet et al., 2004):

f(t1, T2) = cos(n Tepups T1) sin(m Tepupa T2) + sin(n Tepupa T1)
£'(t1, T2) = - cos(m Tepups T1) sin(r Tepup T2) - sin(n Teprp T1)
g(Tl, '52) = sin(n 1JCBH[52 T1) cos(m 1JCBH[33 T1) cos(m lJCBH[B T,) + sin(n lJCBHBZ T2) cos(m 1JCBHB3 T2)
+ sin(n lJcBnﬁz Ty) sin(mw IJCBHm T1) cos(m 'JCBHBZ T,) sin(m 'JCBH& 1)
g '(t1, T2) = - sin(m Jepupa T1) cos(T Tepups T1) cos(m Tepups T2) - sin(n Jepnpa T2)cos (1 Teprps T2)

- sin(n lJcﬁsz ‘Cl) sin(n IJCﬁHm ‘Cl) COS(TC lJcﬁsz Tz) Sil’l(TC IJCQH[B Tz)

Since  f(1), 2)=-f(11,72), and g(ti, 12)=-g'(t1, T2), transitions HY, = 1/4
(HE+4HPHPCE+2HEHE +2HECY) and HP= 1/4 (HY+4HEH)C,- 2HPHY -
2HYC)), cancel (H ‘;)zq refers to a single transition where p and ¢ denote the spin states
of PCP and 'H", respectively). The two remaining, observable transitions H"” and H"

are separated by 1JC[3H|32'2JH[32H[33-
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Supplementary Figure 4. Error in peak position in the F3 (‘H) dimension resulting from
"H" transverse relaxation during the S’CT element, as a function of the true value of the
3JHO‘HB coupling, assuming a g T, value of 20 ms. For this case, calculations predict
10% of 'H* spins change their eigenstates, creating a 10% unresolved artifact, separated
by 3JHQHB from the selected single transition and affecting its apparent position.
Simulations (Nicholas et al., 2000) have been carried out to assess the frequency
deviation resulting from this effect. Two curves have been plotted as a function of
3 Jhonp, for a 'H line width of 20 Hz (®) and 30 Hz (m). A frequency displacement of up
to 0.5 Hz 1s obtained for 3JHaH[5 =10 Hz and a 'H line width of 30 Hz. As this deviation
equally affects both components of the doublet, but in opposite directions, the coupling

can be underestimated by up to 1 Hz.
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Supplementary Figure 5. Comparison of 38 D¢ dipolar couplings, measured for
non-overlapping correlations in a regular 800 MHz 'H-coupled "H-">C HSQC of GB3,
with values previously reported for GB3 in Pfl. The solid line corresponds to a scaling

factor of 0.93. The correlation coefficient between the earlier and new measurement is Rp
=0.998.
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Tables of measured couplings. (Tables A, B, C, D, E, F)

Tables A and B correspond to the couplings measured for protein GB3, in isotropic
solution and in a medium containing 10 mg/ml liquid crystalline Pf1, respectively.

Tables C and D correspond to the couplings measured for the RNA oligomer, in an
isotropic phase and in a solution containing 20 mg/ml liquid crystalline Pf1, respectively.

For each measurement, the error A, corresponds to:

2 2
%, where Av, and Av, are the line width of the two peaks used for the
\ 2% (S/N)

coupling determination and S/N is the signal to noise ratio. Then, for the same coupling,
an average value is obtained by weighing all the available splitting values by the squared
inverse of their experimental uncertainty. The error in the average is calculated as the

propagated error of the individual measurements. Entries “ov” refer to peaks partially

¢ 9

overlapping and for which the coupling determination may be inaccurate; “+” indicates
that no measurement was possible, due to extensive overlap. Tables E and F correspond
to the residual dipolar couplings obtained for GB3 and for the RNA oligomer,

respectively.
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Tab. A | JCaHa A chg::é+ A J;g:fé*’ A JCBHa A iiﬁg A iiﬁg A JHB2He A JHB3Ha A | JHB2HB3 JCPHB2  JCBHPB3
y3 14497 086 -8.19 135 25573 0.70 -402 050

14538 1.14 -8.81 134 25592 072 -430 0.66

145.27 2.38 -7.88 226 256.12 1.36 -3.63 144 14145 0.73 14118 0.77 1.86 0.50 12.04 0.80

146.35 1.89 -7.85 1.89 25535 1.10 -4.87 1.13 14058 1.36 14190 1.20 2.74 1.46 11.32 1.18

14526 062 -831 080 25578 0.43 -417 036 141.26 0.65 141.39 0.65 1.95 048 1181 0.66| -13.43 127.82 127.96
n8 14049 018 -1091 0.22 260.74 011 -474 0.10

140.43 018 -1097 0.22 260.67 0.1 -482  0.10

14049 0.26 -1091 0.25 260.40 0.14 -5.09 0.15 146.11 0.10 14578 0.10 7.15 0.09 6.00 0.09

14045 026 -1095 0.25 260.56 0.14 -493 014 146.34 0.12 14552 0.13 6.92 0.13 6.26 0.13

14046 0.10 -10.94 0.12 260.63 0.06 -4.86 0.06 146.20 0.08 145.68 0.08 7.07 0.07 6.09 0.08]| -15.63 130.57 130.06
d22 139.97 044 -6.76 251 26071 118 -356 0.24

140.21 057 -7.23 1.20 260.67 056 -3.98 0.30

140.03 2.13 -6.70 0.59 260.75 0.33 -3.52 120 149.02 0.63 14345 115 4.02 0.32 212 0.21

14043 104 -7.01 062 26091 0.34 -3.74 058 149.16 0.36 143.18 0.30 3.87 0.65 2.39 1.17

140.10 0.33 -6.89 0.40 260.80 0.21 -3.72 0.18 149.12 0.31 143.20 0.29 3.99 0.29 2.13 0.21)| -15.76 133.36 127.44
30 14325 045 -8.95 125 25834 060 -545 0.26

14391 048 -9.27 132 25839 066 -506 0.28

14366 1.39 -8.54 1.01 25810 055 -569 077 14411 0.64 146.75 0.81 0.71 026 11.30 0.32

143.58 1.38 -9.59 0.94 25792 0.51 -5.53 0.79 143.67 059 14645 0.55 1.15 0.83 11.60  0.93

143.56 0.31 -9.10 055 258.15 0.29 -5.30 0.18 143.88 0.43 146.55 0.46 0.75 025 11.33 0.30| -16.14 127.74 130.41
n35 150.96 0.08 -10.14 0.19 262.08 0.09 -4.94 0.05

15076  ov -9.86 ov 261.92 ov -4.62 ov

15098 021 -10.11 0.16 26215 0.09 -487 012 147.78 0.08 14576 0.06 7.92 0.04 7.07 ov

150.70 0.10 -9.92 ov. 261.66 ov. -4.89 0.06 147.78 0.08 145.69 0.06 7.92 0.11 7.15 0.05

150.87 0.06 -10.12 0.12 262.12 0.06 -492 0.03 147.78 0.06 145.73 0.04 7.92 0.04 7.15 0.05( -15.70 132.08 130.03
d36 149.54 0.16 -11.37 ov 255.29 ov -5.47 0.09

14938 019 -752 033 25635 015 -555 0.11

149.36 ov -11.56 ov 257.80 ov -3.00 ov 14421 0.16 150.54 ov 212 0.11 1140 0.08

14936035 -754 028 256,52 0.16 -539 019 143.64 0.15 150.36 ov 2.69 0.19 11.59 ov

14947 011 753 021 25643 011 549 007 143.90 011 15045 ov 225 009 1140 008| -18.96 12494 131.49
n37 140.40 033 -1041 035 26315 017 -542 019

140.28 037 -10.22 039 26322 019 -558 0.21

140.14 042 -1066 045 26334 0.25 -523 0.24 149.03 0.17 14424 0.8 2.04 019 1213 0.19

139.77 049 -10.73 051 26321 0.29 -560 0.28 149.32 0.25 143.84 0.27 176 024 1252 0.26

140.21 020 -10.46 0.20 263.21 0.11 -545 0.11 149.12 0.14 144.12 0.15 1.94 0.15 1227 0.15] -15.01 134.11 129.10
d4o 140.81 0.14 -1059 0.23 261.66 0.11 -4.06  0.07

140.83 0.16 -10.90 0.21 261.61 0.1 -3.97 0.08

140.85 0.28 -10.55 0.24 26143 0.13 -4.29 0.15 147.13 0.10 14578 0.11 10.16  0.06 3.67 0.08

14131 024 -1043 0.22 26150 0.12 -4.07 0.13 147.01 0.11 14588 0.12 10.28 0.14 3.57 0.13

140.89 0.09 -10.63 0.11 26156 0.06 -4.06 0.05 147.07 0.08 145.83 0.08 10.18 0.06 3.64 0.07| -15.67 131.40 130.16
w43 145.40 0.51 -831 435 25537 188 -398 0.28

145.43 0.57 -7.38 243 25500 104 -411 032

147.23 5.54 -6.47 422 25455 219 -4.79 2.88 14161 243 14634 120 1.79 0.32 11.20 0.34

145.76 _2.72 -7.05 190 254.46 _0.99 -4.65 140 14236 2.29 147.63  0.97 1.03 3.33 9.91 1.50

145.43 0.37 -7.21 1.34 25478 0.64 -4.05 0.21 142.01 1.67 147.12 0.75 1.78 0.31 11.13 0.33| -17.18 124.83 129.94
y45 143.18 057 -12.06 140 26535 0.69 -3.95 0.32

14272 060 -11.72 ov 26531 ov -3.73 034

14327 28 -11.98 26 26555 15 -3.75 1.62 14322 228 146.67 0.78 1118 0.40 4.35 0.39

14089 ov -13.55 ov 264.38 ov -4.65 ov_ 14276 2.04 14496 1.84 1165 ov 6.06  1.96

142,97 0.41 -12.04 1.23 265.39 0.63 -3.84 0.23 14297 152 14641 0.72 11.18 0.40 4.41 0.38] -11.99 130.97 134.41
d46 143.16 026 -11.81 0.70 26233 033 -385 0.15

143.04 027 -11.41 0.64 26217 03 -3.72  0.16

14357 0.73 -11.40 050 26223 0.3 -395 042 14585 0.32 146.09 031 1179 0.14 3.39 0.16

143.04 074 -1141 0.57 26172 0.34 -4.17 0.43 14566 0.27 14588 0.35 1198 0.39 3.60 0.44

143.13 0.18 -11.48 0.29 26213 0.16 -3.82 0.10 14574 0.20 146.00 0.23 11.81 0.13 3.41 0.15| -14.81 130.93 131.19
d47 14788 022 -1050 0.36 264.29 0.17 -511 0.12

14836 023 -10.93 0.36 26426 0.18 -535 0.13

14726 039 -11.12 032 263.67 0.18 -573 022 146,53 0.15 14276 0.18 10.98 0.11 3.51 0.12

148.05 036 -11.24 0.30 264.17 0.17 -5.44 0.21 146.12 0.14 14245 0.19 1140 0.17 3.82 0.23

147.99 0.14 -10.98 0.17 26411 0.09 -5.32 0.08 146.31 0.10 142.61 0.13 11.10 0.09 3.58 0.11| -12.41 133.90 130.20
52 146.03 0.49 -7.76 3.03 25995 142 -3.78 0.27

14498 1.04 -7.94 0.76 259.61 0.37 -3.49 0.58

144.66 3.46 -9.14 241 25934 144 -440 200 14322 151 14168 0.42 1068 0.32 231 0.65

144.62 0.72 -8.30 1.07 258.99 0.61 -4.10 0.41 14335 148 14213 0.68 10.55 2.09 1.86 0.47

145.50 0.37 -8.11 059 25946 0.30 -3.83 0.21 14329 1.06 141.80 0.36 10.68 0.31 2.01 0.38| -12.81 130.47 128.99
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Tab.B | JcaHa ‘]JC::::; A ‘]JC:::;; A JCPHa A JJiZ:z;; A ‘3?; :E;; A JHB2He A JHBSHa A JHB2HB3  JCPHB2  JCPHB3
y3 117.92 050 -490 055 277.99 0.27 -652 024

118.26 0.85 -470 1.03 27792 051 -6.46 042

117.21 068 -561 064 27798 031 -6.53 0.34 17866 0.40 11239 094 638 035 6.01 0.67

116.83 128 -6.14 114 27780 058 -6.59 0.65 178.83 045 11211 0.87 621 049 629 1.10

117.71 035 -523 036 27796 0.18 -6.52 0.17 178.73 0.30 11224 064 632 028 6.09 0.57| -650 172.23 105.73
ng8 12758 0.17 -1478 0.20 275.67 0.10 -6.96 0.08

127.82 0.17 -1467 020 27583 0.10 -6.98 0.08

128.21 025 -14.16 023 27585 0.11 -6.78 0.12 14230 0.10 14985 0.10 577 0.08 056 0.08

12793 025 -1456 023 27582 0.11 -6.99 012 14213 0.11 149.63 011 594 012 0.77 0.3

127.82 0.10 -1457 0.11 27579 0.05 -6.94 0.05 14222 0.07 149.75 0.08 582 0.07 062 0.07| -8.09 134.13 141.66
d22 12457 033 -11.14 095 29387 046 -6.10 0.16

12485 0.38 -10.33 043 29400 021 -589 0.18

12542 111 -10.29 0.67 29515 0.34 -482 055 13804 0.25 11051 058 -3.01 020 219 0.19

124.88 045 -10.30 040 29471 020 -517 023 137.90 0.21 11040 040 -287 026 231 0.68

124.76 0.21 -10.37 0.26 29445 0.13 -579 0.10 137.96 0.16 11044 0.33 -296 0.16 220 0.18| 23.03 160.99 133.47
30 128.69 0.67 -13.85 091 25358 047 -8.05 0.33

128.79 0.72 -1405 103 25327 055 -818 0.36

127.83 115 -1470 098 25323 050 -840 0.60 171.20 0.73 14275 0.67 -064 053 754 0.49

12736138 -1548 1.17 25259 059 -886 072 171.69 0.78 14320 0.80 -1.13 093 7.09 0.92

128.48 0.43 -14.43 050 25322 0.26 -821 0.21 171.43 0.53 14293 051 -0.76 046 7.44 0.43[ -30.57 140.86 112.36
n35 192.05 0.12 -13.78 0.30 28432 0.16 -557 0.06

187.09 ov  -1571  ov 28482  ov 5.23 ov

192.77 043 -13.06 033 28478 0.16 -511 0.22 137.81 0.15 139.09 0.67 571 0.06 5.66 ov

193.42 0.13 -9.38 ov. 285.08 ov -497 0.07 13779 0.16 14025 0.67 574 021 4.50 0.06

192.70 0.09 -13.46 0.22 28454 0.11 -527 0.04 137.80 0.11 139.67 0.47 5.72 0.06 4.50  0.06 3.53 141.33 143.20
d36 143.14 0.35 9.42 ov 229.88 ov -0.20 0.18

143.28 0.39 156 057 22953 028 -0.02 0.20

187.09 ov 34.53 ov 224.85 ov -5.23 ov 15148 0.34 155.07 ov 1456 023 17.16 0.18

143.20 0.69 148 055 229.49 027 -0.06 0.33 151.72 0.31 166.56 ov 14.32 0.39 5.66 ov.

143.20 0.24 1.52 0.40 22951 0.19 -0.11 0.12 151.62 0.23 oV ov 1450 0.20 17.16 0.18 * * *
n37 115.16 0.41 -14.17 043 22443 024 -766 0.22

11537 0.70 -14.42 0.72 22452 040 -7.42 0.39

11440 0.53 -1494 051 22445 0.28 -7.64 029 15394 0.23 13502 054 -473 021 7.78 0.51

114.93 0.87 -14.86 0.86 22438 047 -756 048 154.15 0.27 13529 0.61 -493 029 751 0.63

114.96 0.28 -1452 0.28 22444 0.16 -7.61 0.15 154.03 0.18 13514 040 -480 0.17 7.67 040 -32.36 121.67 102.77
d40 157.37 0.09 -8.26 0.15 261.90 0.07 -0.32 0.04

157.81 016 -817 0.18 26191 0.08 -0.35 0.07

15729 019 -834 0.15 26187 007 -0.35 0.08 156.57 0.07 123.85 0.10 1743 0.04 4.04 0.08

15762 022 -836 020 26188 0.09 -0.39 010 15671 0.07 12397 0.10 1729 0.09 392 0.11

157.47 0.07 -8.28 0.08 261.89 004 -0.34 0.03 156.64 0.05 123.91 0.07 1741 0.04 4.00 0.07f -9.33 147.31 11458
w43 13530 059 -7.20 1.72 296.30 090 -7.52 0.29

134.44 126 -7.64 197 29599 1.00 -7.97 0.63

135.02 228 -749 161 29623 078 -759 115 14525 118 103.17 123 -090 037 715 0.88

135.10 247 -6.98 196 296.02 098 -7.94 125 14471 119 10512 119 -036 164 520 147

135.14 051 -7.34 090 296.16 045 -7.61 0.25 144.98 0.84 104.17 0.85 -0.88 036 6.64 0.75| 23.50 168.48 127.67
y45 129.77 056 -18.20 0.86 23699 042 -6.71 0.28

130.19 0.53 -17.75 0.85 236.45 040 -7.24 0.26

130.22 122 -17.74 1.04 236.62 047 -7.08 056 164.68 0.59 153.14 058 6.36 0.33 -141 0.33

12935 114 -1858 093 237.12 044 -6.57 053 16441 057 15252 0.69 6.63 075 -0.79 0.84

129.95 0.35 -18.07 0.46 236.79 021 -6.96 0.17 164.54 0.41 152.88 0.44 640 031 -1.32 0.31( -40.32 124.22 112.56
d46 138.49 037 -17.36 0.75 299.30 0.27 -6.55 0.17

138.36 0.26 -15.80 0.34 299.37 0.16 -6.42 0.12

140.93 093 -1491 067 299.64 030 -6.22 0.36 107.00 0.40 150.12 0.18 846 023 -3.10 0.14

139.03 043 -15.13 0.37 299.67 0.17 -6.12 020 10824 0.39 15023 019 722 051 -3.20 0.23

138.63 0.19 -15.60 0.22 299.49 0.10 -6.38 0.09 107.63 0.28 150.17 0.13 825 0.21 -3.12 0.12| 20.85 128.47 171.02
da7 126.19 022 -1552 0.30 26554 0.15 -8.83 0.12

126.38 0.27 -1569 0.35 265.61 0.17 -8.67 0.14

126.60 037 -1511 031 266.02 0.15 -835 0.18 13521 0.17 164.84 016 593 013 020 0.11

126.86 _0.43 -1521 0.37 26596 0.18 -832 021 13547 0.18 16476 016 568 021 0.28 0.20

126.39 0.15 -15.38 0.16 265.77 0.08 -8.63 0.07 13534 0.12 164.80 0.11 586 011 022 0.10( -17.18 118.15 147.62
152 137.27 0.83 * ov 29522 037 -6.89 044

135.58 1.21 -11.94 0.72 * ov -6.80 0.65

135.25 0.70 * ov 29511 042 -7.00 0.35 * ov 64.07 ov 713 ov -4.18 0.68

* ov. -13.95 0.81 * ov * ov. * ov. 72.57 ov -1.37 ov. * ov.

136.01 0.49 -12.83 054 295.17 0.28 -6.94 0.25 * ov. ov. ov ov ov. -4.18  0.68 * * *
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Tab. C [ JcaHa JJ(;:Z* JJ((:;:SS* A JCSHA' A jﬁz:i A JJiSS':‘SS A JHSH4' A JHS'H4' A | JHSHS' JCSHS' JCSHS"
G38 | 148.61 1.45 * ov 29521 121 365 0.83

148.01 1.93 * ov 297.83 147 285 119

* ov -878 271 29636 139 250 165 157.50 1.14 157.14 135 083 077 243 1.05

* ov -2.34 245 296.18 142 450 166 15853 1.48 156.71 158 1.85 171 2.00 1.79

148.39 116 -524 1.82 296.27 0.68 3.42 0.59 157.89 091 15696 1.03 100 0.70 232 0.91]| -9.29 148.60 147.67
G39 | 14957 091 -384 1.26 297.26 0.78 265 0.58

* ov * ov 29720 0.83 266 0.59

147.16 171 -1.43 147 296.49 091 342 105 159.20 0.75 157.07 0.73 051 054 359 0.52

* ov. * ov_ 29627 092 358 1.09 159.00 0.90 155.62 0.94 031 104 214 107

149.03 0.81 -2.82 0.96 296.86 043 2.85 0.36 159.12 0.58 156.52 057 047 048 331 0.47| -9.39 149.73 147.13
C40 | 14886 0.90 -2.25 1.21 29749 0.71 054 216

150.05 0.77 -5.80 1.06 297.79 0.62 0.46 1.84

151.83 1.77 -523 157 297.39 095 106 423 159.96 0.68 156.53 0.54 173 051 173 0.39

152.61 144 -836 125 29621 0.74 0.85 340 160.27 0.88 156.17 0.67 2.05 098 137 0.77

150.14 052 -5.41 0.62 297.27 0.37 0.59 1.24 160.08 054 156.39 042 1.80 046 1.65 0.35]| -9.60 150.48 146.79
U4l | 14707 0.85 -1.38 120 298.67 0.75 3.22 051

* ov * ov 297.90 049 333 0.36

15154 172 -585 150 298.11 098 3.78 1.12 16153 0.65 156.17 043 317 046 218 0.31

* ov. * ov_ 29856 057 267 0.66 161.53 1.06 156.64 052 130 115 205 0.60

14795 0.76 -3.11 0.94 298.26 0.32 3.22 0.26 16153 055 156.36 0.33 291 043 215 0.28] -9.82 151.71 146.55
A42 | 14777 075 -2.17 1.13 296.35 0.73 4.18 0.50

* ov * ov 297.05 0.61 * ov

149.23 175 -3.63 153 296.73 0.88 3.81 103 157.98 0.65 157.42 054 078 0.40 * ov

* ov * ov * ov 449 081 160.64 0.86 ov 063 344 100 137 0.74

14799 069 -2.68 0.91 296.75 041 420 0.39 15895 052 157.42 054 1.14 037 137 0.74] -9.81 149.14 147.61
A43 | 14780 092 -4.08 1.41 29805 079 294 054

14771 089 -4.68 1.26 298.66 0.74 247 054

148.89 213 -517 1.84 29752 101 346 116 160.85 0.75 156.38 0.62 141 049 074 044

148.01 200 -499 179 297.10 107 404 118 16180 1.11 15715 0.87 236 124 150 0.97

147.86 0.58 -4.65 0.76 298.00 043 288 0.35 161.14 0.62 156.64 0.50 154 046 0.87 0.40| -9.89 151.25 146.75
U44 |149.32 1.01 -330 1.46 299.25 0.86 3.43 0.58

149.63 1.04 -3.65 1.44 299.07 0.84 3.17 0.60

149.09 231 -3.07 206 297.08 111 559 128 159.79 0.79 156.77 0.70 152 053 162 048

14891 2.08 -292 1.83 297.22 099 5.02 115 160.69 0.97 15570 089 242 113 056 1.02

149.39 066 -3.30 0.82 298.36 047 3.68 0.37 160.15 0.61 156.36 0.55 1.68 0.48 1.43 0.43] -9.08 151.08 147.28
G45 | 150.77 195 -420 290 297.18 1.70 285 1.22

149.62 202 -394 270 29791 163 322 123

150.67 4.87 -4.10 437 297.02 259 301 285 157.70 1.69 15476 149 -078 127 067 121

148.86 339 -3.18 2.88 297.81 1.99 332 225 159.11 235 15644 215 0.63 2.60 235 2.32

150.06 1.25 -3.82 1.53 297.55 094 3.06 0.78 158.18 1.37 15530 1.22 -0.51 114 1.03 1.07| -7.97 150.21 147.33
Y46 | 14768 1.19 -532 172 29762 105 366 0.75

14776 114 -554 161 297.70 1.00 3.23 0.73

14582 290 -347 262 297.71 158 357 174 15858 090 15736 0.79 1.09 0.72 230 0.55

14470 229 -248 199 29510 122 583 140 159.12 143 15752 085 1.63 153 246 1.02

147.27 0.75 -452 0.94 297.08 0.58 3.72 0.47 158.73 0.76 157.43 0.58 1.19 0.65 233 0.48| -9.54 149.19 147.89
U47 | 14923 128 -3.44 182 296.79 105 460 0.71

148.87 1.49 -3.09 1.69 296.99 0.95 4.02 0.81

14765 298 -1.85 268 29743 161 396 179 156.75 098 157.08 0.79 195 0.66 155 0.66

15041 2.02 -463 185 296.13 118 488 1.28 15995 1.69 15568 090 515 184 0.5 1.00

149.19 0.84 -344 0.96 296.79 0.57 439 047 15756 0.85 156.47 0.59 231 0.62 1.13 0.55]| -8.62 148.94 147.85
G48 | 14956 1.73 -4.02 3.15 29330 210 560 1.10

150.78 2.01 -1.62 273 29516 173 250 1.32

147.83 489 -229 413 29557 245 332 304 15773 178 15472 135 0.66 0.97 244 0.99

15280 3.41 -364 287 29621 160 145 195 159.68 222 158.88 142 260 268 6.60 1.70

150.28 1.19 -2.89 1.55 29521 0.95 3.85 0.75 15849 1.39 156.69 098 0.89 091 3.49 0.85] -9.98 148.51 146.70
A49 |150.87 1.99 -525 3.03 29569 1.83 284 117

14791 231 -275 271 295.62 1.67 346 145

150.61 4.54 -499 392 296.64 233 189 272 16273 156 15583 1.34 290 107 185 110

151.26 297 -6.10 2.62 296.15 150 293 172 15727 211 157.03 116 -255 240 3.06 1.39




Table C(2)

17

Tab. C [ JcaHa J;é:f; 3%?;55* A JCSHA A jﬁ::z A JJ)C_‘SS':.SS A JHSH& A JHS'H&' A | JHSHS" JCSHS'  JCSHS!
A50 | 150.84 0.73 -0.99 1.14 29575 0.69 -0.14 0.44
153.08 0.98 -2.81 112 295.26 0.67 -0.37 0.59
15573 192 -5.89 171 29587 1.11 -0.25 123 15892 0.59 15823 0.60 1.86 0.38 548 0.3
155.02 122 -475 1.08 29532 0.68 -0.43 0.75 158.60 0.96 157.28 0.64 154 1.06 453 0.71
152.51 051 -3.29 0.60 29549 0.37 -0.26 0.31 158.83 0.50 157.79 0.44 1.82 0.36 514 0.42] -10.56 148.27 147.22
A51 | 14998 206 -2.82 331 29751 194 230 125
150.22 232 -452 286 297.88 1.71 176 1.38
151.72 4.40 -456 3.56 29552 212 429 258 161.62 198 15827 145 3.05 1.02 330 115
150.67 4.06 -498 3.70 295.05 219 459 241 15882 192 15782 198 025 256 285 217
150.31 1.37 -420 1.65 296.71 0.98 257 0.82 160.17 1.38 158.11 1.17 2.67 095 3.20 1.01]-10.79 149.38 147.32
A52 | 15159 159 -6.23 232 29645 139 163 093
149.77 171 -291 209 296.69 132 235 1.10
150.25 3.05 -4.89 255 29589 161 220 191 160.00 1.57 156.41 113 172 096 295 091
149.18 245 -231 213 29628 124 276 144 156.84 140 15440 134 -144 187 094 149
150.43 0.99 -3.91 1.13 296.36 0.68 211 0.60 158.24 1.04 15557 0.86 1.06 0.85 241 0.78] -8.72 149.51 146.85
A53 | 15358 1.61 -7.60 244 297.03 150 297 1.03
152.08 1.76 -3.36 241 297.75 149 234 112
14721 3.44 -123 292 29471 175 529 207 159.34 132 15949 119 216 0.89 278 091
150.39 3.33 -1.67 290 29580 1.82 430 2.07 16098 1.39 15729 213 380 169 059 2.26
152.09 1.06 -3.81 1.32 296.50 0.81 3.13 0.67 160.12 096 158.96 1.04 252 0.79 2.48 0.85] -11.29 148.83 147.67
U4 | 15291 1.73 -419 242 299.02 131 145 0.99
15259 1.16 * ov 29850 096 177 0.71
15455 375 -583 335 29821 157 226 179 163.78 1.41 16030 0.85 274 1.08 122 0.61
* oV * ov 29858 139 169 154 160.59 176 15360 126 -044 198 -548 1.39
152.80 093 -475 196 29859 0.62 171 0.52 16253 1.10 15820 0.71 202 095 0.14 0.56| -11.07 151.46 147.13
US5 | 149.64 0.85 -459 1.17 29842 0.65 472 048
* ov * ov 29779 045 413 034
148.67 1.66 -3.62 145 299.08 0.80 4.07 091 16098 0.67 15585 040 134 048 122 0.29
* ov * ov_ 29854 057 338 0.64 159.70 0.80 155.98 0.52 005 093 134 058
149.44 0.75 -421 091 298.28 0.29 4.17 0.24 160.45 0.52 15590 031 107 043 124 0.26| -9.04 151.41 146.86
A56 | 149.15 0.80 -3.25 1.13 299.11 0.84 337 0.60
* ov * ov 298.96 0.61 * ov
14840 1.63 -250 142 297.35 1.08 513 1.23 159.34 0.75 156.21 053 104 055 * ov
* ov. * ov * ov 497 0.85 157.92 0.82 * ov -0.38 097 301 077
149.00 0.72 -2.96 0.89 298.73 045 4.07 045 15869 055 156.21 053 0.70 048 3.01 0.77] -8.09 150.61 148.12
G57 | 150.25 1.05 -6.06 1.66 29652 0.92 399 0.62
* ov * ov 29588 0.94 366 0.62
14891 270 -4.72 238 297.01 132 350 149 15867 0.76 15735 0.76 043 049 221 053
* ov. * ov_ 29669 118 285 137 160.15 1.18 15741 1.07 192 132 226 120
150.07 0.98 -5.62 1.36 296.43 0.53 3.71 0.40 159.10 0.64 157.37 0.62 0.61 046 222 0.48 | -10.02 149.08 147.35
C58 | 146.79 0.97 -3.71 130 297.15 0.77 586 0.58
146.48 0.66 * ov 29594 057 564 041
146.18 1.86 -3.09 1.65 29838 0.98 462 110 159.20 0.72 155.74 050 1.22 053 029 0.35
146.48 1.44 * ov_ 29855 076 3.03 0.86 157.96 0.93 157.82 0.69 -0.02 105 237 0.78
146.54 0.49 -3.47 1.02 297.15 0.36 530 0.30 158.74 0.57 156.46 0.41 097 047 0.65 0.32| -9.03 149.71 147.44
C59 |14821 090 -3.37 126 29783 0.76 440 055
* ov * ov 29756 0.54 422 0.38
14777 179 -293 156 297.87 1.00 436 113 159.69 0.72 156.38 048 215 053 110 0.33
146.48  1.36 * ov_ 29749 071 430 0.81 159.46 0.96 156.89 0.64 192 108 162 073
147.69 0.69 -3.20 0.98 297.64 0.35 429 0.28 159.60 0.58 156.56 0.39 2.11 047 119 0.30] -9.26 150.34 147.30
C60 | 14591 0.63 -459 0.84 29848 0.52 4.95 0.39
14590 054 -456 0.74 29760 044 568 0.33
14596 1.28 -4.65 1.16 297.62 0.71 581 0.78 159.80 0.49 15512 0.36 1.05 0.37 054 0.26
14532 115 -3.97 1.03 29836 0.62 493 068 16092 0.72 15557 0.57 218 0.79 0.99 0.62
145.85 0.37 -4.47 0.45 298.00 0.27 536 0.23 160.15 0.41 15525 0.31 125 0.33 0.60 0.24| -8.71 151.45 146.55
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JC4HS'+

JC5'HS'+

JCSHS-

JC5'HS"-

Tab. D | Jca'H4 JCaHE" JC5HS" A JC5'H4 A JsHs A JHSHE" A JH5'H4' A JH5"H4' A JH5'HS' JC5'H5'  JC5'H5
G38 * ov * ov 28093 326 108 ov

* ov * ov 28026 368 4.67 3.08

162.76  2.14 * ov 27706 289 495 349 16238 111 16437 132 5.76 0.88 2.29 1.08

* ov -4.90 150 280.24 243 469 316 16149 0.99 16297 0.88 4.87 1.20 0.89 117

162.76 2.14 -490 150 27955 148 476 1.86 161.88 0.74 163.40 0.74 5.45 0.71 1.64 0.79 ] -22.87 139.01 140.53
G39 163.96 085 -2.78 103 287.69 174 154 144

165.19 091 -545 112 288.00 1.61 3.46 1.32

16529 099 -411 080 28311 1.27 6.12 160 157.30 0.66 164.54 0.59 1.44 0.52 -0.44 0.49

16464 111 -490 091 28654 130 492 159 156.37 047 16452 043 0.51 0.62 -0.46 0.54

164.72 0.48 -428 0.47 285.92 0.72 3.84 0.74 156.69 0.38 164.53 0.35 1.05 040 -045 0.36 [ -17.65 139.04 146.88
C40 154.10 ov 9.28 ov 295.24 ov 249 ov

156.20 0.67 -3.01 080 28323 1.02 127 1.02

164.60 ov -1.22 045 28356 0.73 9.19 ov 159.70 ov 17433 0.46 116 ov -2.45 0.39

156.89 0.75 -3.70 0.60 279.86 1.12 464 112 16423 0.28 175.56  0.39 5.69 ov -1.22 0.46

156.50 0.50 -2.25 0.33 282.66 0.52 280 0.75 164.23 0.28 175.04 0.29 oV oV -1.93  0.29 | -28.31 135.93 146.74
A43 161.25 3.07 -0.49 519 26215 4.01 423 239

159.84 3.09 -0.54 429 25485 ov 9.69 ov

157.98 7.38 278 ov 26228 4.03 409 515 16147 ov 18411 3.14 * ov 7.51 2.29

164.20 6.38  -4.90 5.64 26229 431 225 477 15146 296 18329 2.88 2.61 3.92 6.69 3.59

160.72 1.99 -1.64 2.85 26223 237 3.87 198 151.46 296 183.66 2.12 261 3.92 7.28 1.93| -36.44 115.02 147.22
u44 169.96 213 142 2,52 26594 376 584 317

172.45 140 -157 173 259.06 2.47 7.48 198

172.37 282 -0.99 248 260.96 344 1081 399 165.17 147 18027 0.87 4.79 115 7.86 0.69

171.24 189 -0.36 159 259.36 243 718 285 163.89 224 179.76 0.92 3.52 242 7.35 1.07

17166 0.94 -0.58 0.98 26049 143 749 136 16478 123 180.03 0.63 456 1.04 771 058 -42.16 12262 137.87
G45 169.65 3.30 -0.08 4.08 276.94 6.84 -570 5.65

175.09 315 -265 395 26204 575 799 460

175.28 ov 571 ov 264.40 5.94 6.83 7.08 168.14 236 18025 213 172 1.92 5.43 1.80

173.40 359 -0.96 268 271.02 390 -099 520 17119 177 180.15 146 4.77 2.24 5.33 1.85

17275 1.92 -1.17 1.95 268.73 262 220 272 170.09 1.42 180.18 1.21 3.02 146 538 1.29| -40.77 129.32 139.41
Y46 162.37 217 3.08 273 26752 433 6.40 3.62

164.38 2.14 -2.08 273 269.44 4.14 6.74 337

166.16 2.86 -0.71 232 269.93 353 399 426 17570 160 16859 1.32 3.49 117 8.14 1.00

164.70 274  -2.40 2.16 268.74 3.55 744 429 16859 140 16549 1.37 3.17 1.78 5.04 1.62

164.14 121 -0.77 122 269.00 192 6.23 191 171.67 1.06 167.10 0.95 340 0.98 7.29 0.85| -34.88 136.79 132.22
u47 161.60 194 -0.81 228 27221 347 517 293

160.93 1.80 0.21 204 27370 3.49 283 315

164.19 233 -3.40 200 27311 3.09 426 361 17896 150 163.60 1.17 5.93 127 4.15 1.05

163.75 2.02 -2.61 179 270.01 2.86 652 323 17849 120 164.13 0.92 5.46 1.44 4.68 1.06

162.39 1.00 -1.78 1.00 272.08 1.60 471 160 178.67 0.94 163.93 0.72 5.72 0.95 441 0.74 | -35.26 143.41 128.66
G48 15445 229 -0.36 254 27175 ov 462 3.98

153.82 214 -0.21 235 276.92 352 410 313

151.62 ov 247 ov 268.90 ov 7.47 ov 15632 139 169.25 1.13 8.59 121 5.58 1.04

15511 231 -1.50 211 27810 3.38 2.92 374 15431 121 170.84 124 6.58 1.39 717 1.32

15442 1.30 -0.77 1.33 277.53 244 3.88 206 155.17 0.91 169.97 0.84 772 091 6.19 0.82| -23.80 131.37 146.17
A49 159.88  1.99 -6.75 ov 278.44 ov 8.70 ov

158.68 1.90 -4.21 203 285.64 3.46 399 323

161.74 2.25 -8.61 ov 274.26 ov 1288 ov 156.16 130 168.70 124 0.05 1.10 5.36 1.18

161.37 187 -6.90 173 28549 2.89 414 314 15528 0.89 168.14 1.02 -0.83 113 4.80 1.10

160.33 0.99 -577 1.32 28555 222 4.07 225 15556 0.74 168.36 0.79 -0.38 0.79 506 0.80 [ -19.18 136.37 149.18
A50 159.72 108 -143 164 29824 284 -0.05 184

160.34 1.34 -1.37 149 29290 ov 5.24 ov

160.09 2.10 -1.80 169 29828 3.02 -0.08 371 15543 0.92 16835 0.83 1.97 0.60 6.31 0.74

162.20 126 -3.22 108 29846 185 -0.31 216 156.70 0.92 169.09 0.64 3.24 116 7.04 0.75

160.60 0.66 -2.24 0.70 298.37 138 -0.15 131 156.07 0.65 168.81 051 224 053 6.67 053 -13.26 14281 155.56
A51 159.67 212 -3.16 2,67 289.44 425 047 332

156.59 242 -2.03 273 291.03 4.50 282 392

157.39 289 -0.88 239 287.87 427 203 503 16459 156 16342 153 341 1.20 5.22 131

154.60 ov -0.04 201 27936 439 1449 491 16482 144 16201 110 3.65 1.75 3.81 1.36

158.11 1.40 -1.26 1.20 286.93 2.17 3.83 206 164.71 1.06 162.49 0.89 349 0.99 454 0.94[ -20.14 14458 142.35
A52 155.69 1.95 -093 238 28305 ov 7.33 ov

154.91 248 0.46 272 28951 4.93 225 450

156.21 265 -1.45 228 29380 4.36 -342 508 16258 127 16139 144 2.69 1.05 213 1.28

15503 198 034 163 28059 ov 1117 ov_ 15973 164 15212 0.86 -0.16 179 -7.14  1.08

15542 1.10 -0.29 1.07 291.92 326 -0.24 337 16151 1.01 15455 0.74 197 0.91 -328 0.83| -12.07 149.44 142.48
A53 159.03 275 -092 329 28416 483 220 392

155.94 ov 337 ov 28332 410 154 327

162.67 290 -4.56 227 28196 391 441 483 15292 168 173.71 1.81 5.16 141 471 1.58

163.68  2.67 -4.37 233 28191 347 295 426 15475 1.18 17056 1.34 7.00 1.50 157 1.61

161.80 1.60 -3.77 1.46 28264 2.00 249 197 154.14 0.97 171.67 1.08 6.03 1.03 3.17 1.13 | -21.59 132.56 150.08
G57 162.14 115 -0.76 144 266.40 2.24 571 1.89

159.50 1.36 -2.03 174 269.57 2.01 284 175

164.87 148 -349 120 26452 164 759 203 16849 086 17174 0.90 4.24 0.67 451 0.83

* ov * ov 26541 1.72 700 198 169.14 0.63 17283 0.59 4.88 0.82 5.60 0.69

162.04 0.76 -2.30 0.81 266.18 0.93 558 0.95 16891 0.50 172.50 0.50 4.50 0.52 515 0.53 | -37.62 131.30 134.88
C60 168.62 0.72 -404 081 26740 1.28 883 113

167.07 0.67 -1.97 081 26557 130 1032 1.08

167.70 0.81 -3.13 071 268.64 1.15 759 130 185.04 0.50 161.48 0.41 4.58 0.45 0.78 0.33

169.25 0.88 -416 075 267.97 1.22 792 142 18526 046 16162 0.41 4.80 0.51 0.93 0.48

168.05 0.38 -3.34 0.38 26749 062 887 061 18516 0.34 16155 029 4.68 0.34 0.83 0.27 [ -39.61 14555 121.94
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Tab. E | JCaHa JJC::: :;' A JJC::: :;' A JCBHa A :]]3:;2 ;3_ A JJCH‘; :E;; A JHB2He A JHB3He A JHB2HB3  JCBHB2  JCBHP3

y3

J+D 117.71 o035 -5.23 0.36 277.96 018 -6.52 017 178.73 0.30 112.24 o064 6.32 028 6.09 0.57 -6.50 172.23 105.73
J 145.26 062 -8.31 0.80 255.78 043  -4.17 036 141.26 0.65 141.39 0.65 1.95 048 1181  0.66 -1343  127.82  127.96
D -27.55 071 3.07 0.87 22.18 047 -2.35 0.0 37.47 071 -29.16 091 437 055 -573 088 6.93 44.40  -22.23
n8

J+D 127.82 o010 -14.57 0.11 275.79 005 -6.94 005 142.22 0.07 149.75 0.08 5.82 0.07 0.62 0.07 -8.09 134.13 141.66
J 140.46 _ 0.10 -10.94 0.12 260.63 006 -4.86 006 146.20 0.08 145.68 0.08 7.07 0.07 6.09 0.08 -15.63  130.57 130.06
D -12.65 0.4 -3.63 0.16 15.16 008  -2.09 008 -3.97 0.10 4.07 011  -1.25 010 -547 010 7.54 3.56  11.60

d22

J+D 12476 o021 -10.37 0.26 294.45 013 -579 o010 137.96 0.16 11044 033 -296 016 2.20 0.18 23.03 160.99 133.47
J 140.10 033 -6.89 0.40 260.80 021 -372 018 149.12 0.31 143.20 029 3.99 0.29 2.13 021 -15.76  133.36  127.44
D -15.33  0.39 -3.48 0.48 33.65 025 -2.07 020 -11.17 0.35 -32.76 044  -6.95 033 0.07 0.28 38.79 27.62 6.03
30

J+D 128.48 043 -14.43 0.50 253.22 026 -821 o021 171.43 0.53 142.93 051 -0.76 046 7.44 043 -30.57 140.86 112.36
J 143.56 031 -9.10 0.55 258.15 029 -530 o018 143.88 0.43 146.55 0.46 0.75 025 1133 030 -16.14  127.74 13041
D -15.09 053 -5.33 0.75 -4.93 039  -291 028 27.55 0.69 -3.61 069 -151 052 -390 053 -14.43  13.12 -18.05

n35

J+D 192.70 0.9 -13.46 0.22 284.54 011 -527 o004 137.80 0.11 139.67 0.47 5.72 0.06 4.50 0.06 3.53 141.33 143.20
J 150.87 _ 0.06 -10.12 0.12 262.12 006 -492 003 147.78 0.06 145.73 0.04 7.92 0.04 7.15 0.05 -15.70  132.08 130.03
D 41.84 011 -3.34 0.25 22.42 013 -0.35 0.6 -9.98 0.13 -6.06 048 -2.20 007 -2.64 008  19.23 9.25  13.17

d36

J+D 143.20 o024 1.52 0.40 229.51 019 -0.11 o012 151.62 0.23 * ov 1450 o020 17.16 018 * * *
J 149.47 o011 -7.53 021 256.43 011 -549 o007 143.90 0.11 150.45 ov 2.25 009 1140 0.08 -18.96  124.94 131.49
D -6.27 027 9.05 045  -26.92 022 538 014 7.71 0.25 * ov 1224 022 576 020 * * *

n37

J+D 11496 o028 -14.52 0.28 224.44 016 -7.61 015 154.03 0.18 135.14 o040 -480 017 7.67 0.40 -32.36  121.67 102.77
J 140.21 020 -10.46 0.20 263.21 011 -545 o011 149.12 0.14 144.12 0.15 1.94 015 1227 015 -15.01 13411 129.10
D -25.25 034 -4.06 035  -38.77 019 -2.15 019 4.91 0.23 -8.98 043 -6.73 022 -459 043 -17.35 -12.44 -26.33

d40

J+D 157.47 o.07 -8.28 0.08 261.89 004 -0.34 o003 156.64 0.05 123.91 007 1741 o004 4.00 0.07 -9.33 147.31 114.58
J 140.89  0.09 -10.63 0.11 261.56 006 -406 005 147.07 0.08 145.83 008 10.18 0.06 3.64 0.07 -15.67  131.40 130.16
D 16.58 0.1 2.35 0.14 0.33 007 372 0.06 9.57 009  -21.92 011 722 007 036 010 6.34 1591  -15.58

w43

J+D 135.14 o051 -7.34 0.90 296.16 045  -7.61 025 144.98 0.84 104.17 oss -0.88 036 6.64 0.75 23.50 168.48 127.67
J 145.43 037 -7.21 1.34 254.78 064 -405 o021 142.01 167 147.12 0.75 1.78 031 1113 033 -17.18  124.83 129.94
D -10.29 063 -0.12 1.61 41.38 078  -3.56 033 2.97 187  -42.95 114 -266 048 -450 082  40.68 43.65  -2.27

y45

J+D 129.95 o035 -18.07 0.46 236.79 021 -6.96 017 164.54 0.41 152.88 0.44 6.40 031 -1.32 o031 -40.32  124.22 112.56
J 142.97 041 -12.04 1.23 265.39 063 -3.84 023 142.97 152 146.41 072 1118 040 4.41 0.38 -11.99 13097 13441
D -13.02 054 -6.03 132 -28.60 067 -3.12 029 21.57 157 6.47 085 -4.78 051  -573 049  -28.32 -6.75  -21.85

d46

J+D 138.63 019 -15.60 0.22 299.49 010 -6.38 009 107.63 0.28 150.17 0.13 8.25 021 -3.12 o012 20.85 128.47 171.02
J 143.13 018 -11.48 0.29 262.13 016 -3.82  0.10 145.74 0.20 146.00 023 1181 013 3.41 0.15 -14.81 13093 131.19
D -4.50  0.26 -4.12 0.37 37.37 019 -256 013  -38.11 034 4.17 027 -355 024 -654 019  35.65 -2.46  39.82

d47

J+D 126.39 015 -15.38 0.16 265.77 008 -8.63 007 135.34 0.12 164.80 o011 5.86 011 0.22 0.10 -17.18  118.15 147.62
J 147.99 014 -10.98 0.17 264.11 009 -532 o008 146.31 0.10 142.61 013 1110 0.9 3.58 0.11 -12.41  133.90 130.20
D -21.61 0.0 -4.40 0.23 1.67 012 -332 011 -10.98 016 2219 017 -524 015 -3.36 0.5 -4.77 -15.75  17.42
52

J+D 136.01 o049 -12.83 0.54 295.17 028 -6.94 025 * ov ov ov ov ov -4.18 o068 * * *
J 145.50 037 -8.11 0.59 259.46 030 -3.83 o021 143.29 1.06 14180 036 10.68 031 2.01 0.38 -12.81  130.47 128.99
D -9.49 062 -4.72 0.80 35.72 041 -3.10 033 * ov * ov * ov -6.19 078 * * *
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n JCAHS'+ JCEHS'+ o JC5HS'- JCEHS"- L . L . e
Tab. F | JC4H4 JCaHE" JCshHsr A JC5H4 A Jsmst Y JhsHse A JHS'H4 A JH5"H4 A JHS'HS"  JC5'HS'  JC5'HS
G38
J+D 162.76 214 -490 150 27955 148 476 18 161.88 074 163.40 074 5.45 0.71 1.64 079 -22.87 139.01 140.53
J 14839 116 -524 182 29627 o068 342 059 157.89 091 156.96 1.03 1.00 0.70 2.32 091 -9.29 14860 147.67
D 14.37 243 034 236 -16.72 163 134 195 3.99 117 644 1.26 4.44 1.00 -0.68 120 -13.58 -9.59 -7.14
G39
J+D 164.72 o048 -428 047 28592 072 3.84 074 156.69 038 164.53 035 1.05 0.40 -045 036 -17.65 139.04 146.88
J 149.03 o081 -2.82 096 296.86 043 285 036 159.12 058 156.52 0.7 0.47 0.48 3.31 047 -9.39 149.73 147.13
D 1570 094 -1.46 107 -1094 084 099 08 -242 069 8.01 0.67 0.59 0.62 -3.76  0.59 -8.26  -10.69  -0.26
C40
J+D 156.50 o050 -2.25 033 28266 052 280 075 164.23 028 175.04 029 ov ov -1.93 029 -28.31 13593 146.74
J 150.14 o052 541 o062 297.27 037 059 124 160.08 054 156.39 042 1.80 0.46 1.65 0.35 -9.60 150.48 146.79
D 6.36 072 316 070 -1461 o064 221 145 415 060 1865 051 oV ov -3.59 045 -18.71 -1455 -0.05
A43
J+D 160.72 199 -1.64 285 26223 237 3.87 198 151.46 29 183.66 212 2.61 3.92 7.28 193 -36.44 115.02 147.22
J 14786 058 -465 076 298.00 043 2.88 035 161.14 062 156.64 0.50 154 0.46 0.87 040 -9.89 151.25 146.75
D 12.86 207 3.00 295 -3577 241 0.98 201 -9.68 302 27.02 218 1.07 3.94 6.40 198 -26.56 -36.24 0.47
Udd
J+D 171.66 o094 -058 098 26049 143 7.49 136 164.78 123 180.03 063 4.56 1.04 7.71 058 -42.16 122.62 137.87
J 14939 o066 -3.30 082 298.36 047 3.68 037 160.15 061 156.36 055 1.68 0.48 1.43 043  -9.08 151.08 147.28
D 2227 114 272 127 -37.87 151 3.81 141 4.63 138 23.67 084 2.88 1.14 6.28 072 -33.09 -28.46  -9.42
G45
J+D 17275 192 -1.17 195 26873 262 220 272 170.09 142 180.18 121 3.02 1.46 5.38 129 -40.77 129.32 139.41
J 150.06 125 -3.82 153 29755 094 3.06 o078 15818 137 15530 122 -0.51 114 1.03 107 -7.97 150.21 147.33
D 22.69 230 2.65 248 -28.81 278 -0.86 283 1191 197 24.88 172 3.52 1.85 4.35 168 -32.81 -20.89 -7.92
Y46
J+D 164.14 121 -0.77 122 269.00 192 623 191 171.67 106 167.10 095 3.40 0.98 7.29 085 -34.88 136.79 132.22
J 14727 o075 -452 094 297.08 058 3.72 047 15873 076 15743 058 1.19 0.65 2.33 048  -9.54 149.19 147.89
D 16.86 142 375 154 -28.08 201 251 197 1294 130 9.67 1.11 2.21 1.17 4.95 098 -25.34 -12.41 -15.67
u4a7
J+D 162.39 100 -1.78 100 27208 160 471 160 178.67 094 163.93 072 572 0.95 4.41 074 -3526 14341 128.66
J 149.19 o084 -344 096 29679 057 439 o047 15756 085 156.47 059 231 0.62 113 055 -8.62 14894 147.85
D 13.20 130 1.66 139 -2471 169 032 167 21.11 126 7.45 0.94 3.41 1.13 3.28 093 -26.64 -553 -19.19
G48
J+D 15442 130 -0.77 133 27753 244 3.88 206 15517 091 169.97 084 7.72 0.91 6.19 082 -23.80 131.37 146.17
J 15028 119 -289 155 29521 095 3.85 075 15849 139 156.69 098 0.89 0.91 3.49 0.85 -9.98 14851 146.70
D 4.15 176 212 205 -17.67 261 0.04 219 -3.32 166 13.28 129 6.84 1.29 2.69 118 -13.82 -17.14 -0.54
A49
J+D 160.33 099 -577 132 28555 222 4.07 225 15556 074 168.36 0.79 -0.38 0.79 5.06 080 -19.18 136.37 149.18
J 150.00 129 -474 148 29597 o088 296 077 160.80 126 156.52 087 2.00 0.98 2.32 086 -10.67 150.12 145.84
D 10.33 163 -1.03 198 -10.42 239 110 238 -524 146 11.84 118 -2.38 1.26 2.75 118  -851 -13.75 3.34
A50
J+D 160.60 o066 -224 o070 29837 138 -0.15 131 156.07 o065 168.81 051 224 053 6.67 053 -13.26 14281 155.56
J 15251 o051 -3.29 060 29549 037 -0.26 031 158.83 050 157.79 044 1.82 0.36 5.14 042 -10.56  148.27 147.22
D 8.08 084 106 093 2.88 143 011 135 -2.76 08 11.03 067 0.42 0.64 1.53 0.67 -2.69 -5.45 8.34
A51
J+D 158.11 140 -1.26 120 286.93 217 3.83 206 164.71 106 16249 089 3.49 0.99 4.54 094 -20.14 14458 142.35
J 15031 137 -420 165 296.71 098 257 o082 160.17 138 15811 117 2.67 0.95 3.20 101 -10.79 149.38 147.32
D 7.80 196 293 204 -978 239 126 221 454 174 437 1.47 0.82 1.37 1.34 1.38 -9.35 -4.81 -4.97
A52
J+D 15542 110 -0.29 107 29192 326 -0.24 337 161.51 101 15455 o074 1.97 0.91 -3.28 083 -12.07 149.44 14248
J 15043 o099 -391 113 296.36 068 211 060 158.24 104 155.57 086 1.06 0.85 241 078 -8.72 149.51 146.85
D 499 148 3.62 155 -445 334 -235 342 327 145 -1.02 113 0.90 124 -5.68 114 -335 -0.07  -4.37
A53
J+D 161.80 160 -3.77 146 28264 200 249 197 15414 o097 171.67 1.08 6.03 1.03 3.17 113 -21.59 132,56 150.08
J 152.09 106 -3.81 132 29650 081 3.13 067 160.12 096 158.96 1.04 2.52 0.79 2.48 085 -11.29 148.83 147.67
D 971 192 004 19 -13.86 216 -0.64 208 -598 136 12.70 150 3.51 129 069 141 -10.30 -16.27 241
G57
J+D 162.04 o076 -230 o081 266.18 093 558 095 168.91 050 17250 0.50 4.50 052 5.15 053 -37.62 131.30 134.88
J 150.07 o098 -5.62 136 29643 053 3.71 040 159.10 o064 157.37 062 0.61 0.46 222 048 -10.02 149.08 147.35
D 11.97 124 332 158 -30.25 107 1.86 103 9.82 081 1513 079 3.88 0.70 2.93 072 -27.60 -17.78 -12.47
C60
J+D 168.05 o038 -3.34 o038 26749 o062 887 o061 18516 034 16155 029 4.68 0.34 0.83 027 -39.61 14555 121.94
J 14585 037 -447 045 298.00 027 536 023 160.15 041 15525 031 1.25 0.33 0.60 0.24 -8.71 151.45 146.55
D 2220 053 113 059 -30.50 067 3.50 065 2501 053 6.30 0.42 3.43 0.47 0.23 036 -30.90 -5.90 -24.61
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